The effect of N-acyl derivatives of muramyl dipeptide (N-acetyl muramyl-L-alanyl-D-isoglutamine) on the activation of peritoneal adherent cells (PAC) in vivo and on the stimulation of nonspecific hcst resistance against Escherichia coli infection was examined in comparison with the effect of 6-O-stearoyl muramyl dipeptide. N-acyl muramyl dipeptide derivatives increased the release of hydrogen peroxide (H202) by PAC from mice treated 1 day before upon stimulation with phorbol myristate acetate, and their activities did not depend on the chain length or kinds of fatty acids introduced. The results obtained using N-stearoyl muramyl dipeptide analogs indicated that the acyl moiety combined to muramic acid played a more important role in the ability of PAC to release H202 than did the peptide moiety. PAC from mice treated with N-stearoyl muramyl dipeptide, N-(3-hydroxy-2-docosylhexacosanoyl) muramyl dipeptide, and 6-O-stearoyl muramyl dipeptide I day before, including 20 to 42% polymorphonuclear leukocytes, released large amount of H202, and most of the H202 released was due to the attribution of polymorphonuclear leukocytes. The cytostatic activity of PAC from mice treated with these three compounds reached a maximum on day 3 after injection, and the cytolytic activity of PAC was induced by N-stearoyl muramyl dipeptide on day 3 and by 6-O-stearoyl muramyl dipeptide on day I after injection. In contrast to the above results, N-acyl muramyl dipeptide derivatives did not stimulate nonspecific host resistance against E. coli infection in mice when compared to 6-O-stearoyl muramyl dipeptide.
Muramyl dipeptide (MDP) and its synthetic derivatives have been reported to have an adjuvant activity on the humoral antibody response (3, 24) and cell-mediated immunity (2, 3, 7, 16, 17, 24) . Furthermore, they stimulate nonspecific host resistance to microbial infections (4. 5. 8. 12, 13, 18, 21) and to tumor cells (6. 9, 17. 24, 25) . Several workers have reported that macrophages treated with MDP and its derivatives in vivo and in vitro released oxygen metabolites, such as superoxide anion (Of-) (5. 19. 20) and hydrogen peroxide (H.O) (25) . and that the released oxygen metabolites played important roles in the killing of tumor cells (1, 14. 15. 25) and bacteria (5. 26) by macrophages.
We have previously reported the relationships between the structure and adjuvant activity of N-acyl muramyl dipeptide [N(acyl)-MDP] in guinea pigs (16) . Adjuvant activity of N(acyl)-MDP on the induction of delayed-type hypersensitivity was comparable to that of MDP. In the case of L-valine or L-serine analogs of N(acyl)-MDP, however, the activity was decreased depending on the chain length of the fatty acid introduced as the acyl group onto MDP. In this study. we describe the effect of N(acyl)-MDP in comparison with that 6-0-acyl-MDP on the activation of peritoneal adherent cells (PAC) in vivo and on the nonspecific host resistance to bacterial infection in mice, and we also discuss the relationships between the chemical structures of N(acyl)-MDP and their activities.
MATERIALS AND METHODS
Mice. Inbred C57BL/6 female mice (8 to 12 weeks old) and outbred STD-ddY male mice (5 weeks old) were obtained from Shizuoka Agricultural Co-operation for Experimental Animals. Hamamatsu, Japan. Compounds. The Fig. 1 for diagrams of chemical structures.
3040, Micro Test II; Falcon Plastics, Oxford, Calif.) according to the procedure described previously (23) . Cells were incubated under 5% CO2 for 2 h at 37°C, and then nonadherent cells were washed away with fresh medium.
Assay for H202 release by PAC. Production of H202 by PAC was quantitated by the method described by Pick and Mizel (22) . This method is based on the horseradish peroxidase-dependent oxidation of phenol red by H202. Phenol red (phenolsulfonaphthalein, 194 mg/liter; Nakarai Chemicals, Ltd., Kyoto, Japan) and horseradish peroxidase (19 U/ml, Type II, 165 purprogallin units per mg solid; Sigma Chemical Co., Ltd., St. Louis, Mo.) were dissolved in HBSS and stocked at 4°C until use. This phenol red solution with or without phorbol myristate acetate (Sigma) was prewarmed at 37°C and added to the PAC monolayers (1.5 x 105 per well). The plates were incubated for 30 min at 370C in 5% CO2. At the end of incubation, 10 RI of 1 N NaOH was added, and then oxidation of phenol red was quantitated spectrophotometrically at 610 nm by an MR 580 MICROELISA autoreader (Dynatech Instruments, Inc.). The results were presented as nanomoles of H202 released in 30 min per milligram of cell protein. Protein determination. The content of PAC protein was determined by the method of Lowry et al. (11) with bovine serum albumin as a standard. After the H202 assay, 100 Il of 1 N NaOH was added directly to the PAC monolayers, and the remainder of the assay was performed.
Assay for cytolytic activity of PAC. Cytolysis of FBL-3 leukemia cells was quantitated as previously described (23 macrophages in vitro at 10 and 30 ,ug/ml. We also found direct toxicity of N(L18)-MDP to sheep erythrocytes in vitro at 10 ,u.g/ml (hemolysis was 100%) (unpublished data), but no direct toxicity to PAC was observed at doses of up to 400 jig (Table  4) . From the results of the cytological examination of PAC from mice treated with these compounds (Table 5 ) and of the assay for H202 release by separated populations of PAC, it was suggested that potent release of H202 by PAC observed on day 1 after injection was due to the attribution of polymorphonuclear leukocytes (PMN). PAC cytostatic activity induced by these three compounds reached a maximum on day 3 after injection, and PAC cytolytic activity was induced by N(L18)-MDP on day 3 and by 6-0-L18-MDP on day 1 after injection. N(BH48)-MDP had no effect on the induction of cytolytic PAC.
Protective activity of N(acyl)-MDP derivatives on infection in mice with E. coli. As was reported previously (12, 18) , MDP and 6-0-L18-MDP stimulated nonspecific host resistance against E. coli infection. On the contrary, N(acyl)-MDP was not or hardly effective (Table 6 ).
DISCUSSION
In this experiment, N(acyl)-MDP was evaluated for its capacity to activate murine PAC in vivo and its protective activity in mice to E. coli infection in comparison with 6-0-L18-MDP.
Regarding the release of H202 by PAC, we found that all N(acyl)-MDP derivatives tested increased the capacity for H202 release by PAC more effectively than did MDP (Table  2) . From the results on the activity of macrophages and PMN on H02, release, we found that PMN were more potent than macrophages ( (Table 5 ). For the effect on the cytostatic activity of macrophages, no difference was found among these compounds. In conclusion, we emphasize the differences between N(L18)-MDP and 6-0-L18-MDP on the enhancement of cytolytic but not cytostatic or HO,-releasing activity of macrophages.
We have evaluated the protective activity of various MDP derivatives against E. coli infection by using STD-ddY mice, and we found that 6-0-acyl-MDP, especially 6-0-L18-MDP, enhanced the host resistance of mice to infection with E. coli more effectively than did MDP (12) . N(acyl)-MDP derivatives were also tested in anticipation of their effects on host resistance to E. coli infection by using the same method; however, they exhibited no effect (Table 6 ). Furthermore, no effect was observed when N(acyl)-MDP was injected 3 days before infection (unpublished data). Osada et al. (18) have shown that 6-0-L18-MDP enhanced the protective activity of mice through PMN activation against E. coli infection. We obtained useful information on PAC activation in C57BL/6 mice by using 6-0-L18-MDP and N(L18)-MDP. 6-0-L18-MDP increased both the cytolytic activity of macrophages and the release of H,02 by PMN on day 1 after injection. N(L18)-MDP failed to enhance the cytolytic activity of macrophages on day 1 after injection. However, we do not know whether the mechanism of host resistance against E. coli infection can be explained only by the above results. Other functions of PMN and macrophages and serum factors concerning the host resistance against bacterial infection need to be elucidated before further conclusions can be drawn.
